T he enactment 13 of the Medicare Access and Children's Health Insurance Program Reauthorization Act into law brings quality measurement and reporting into the forefront of health care in the US. 2, 3, 23 This legislation highlights the development of several public reporting avenues for quality metrics, with the Centers for Medicare and Medicaid Services (CMS) Hospital Compare website being the most prominent. The Hospital Compare website aims to empower informed health care choices by patients. To that end, it contains several subjective metrics focusing on provider-patient relationships, communication, care coordination and efficiency, as well as various objective measures (such as mortality) for myocardial infarction, congestive heart failure (CHF), and pneumonia. Currently, and despite the lack of subspecialty-specific metrics for other areas of medicine (e.g., spine surgery), patients are encouraged to make decisions based on such generic data.
consideration of important measures such as mortality, length of stay (LOS), or hospitalization charges for most areas of medicine. 1 In addition, the lack of risk adjustment and accounting for the comorbidity burden of the patient population treated by each hospital fuels the debate on the appropriateness of these comparison metrics. 10 There has been no prior study attempting to validate these claims in a comprehensive group of subspecialty patients.
We used the New York Statewide Planning and Research Cooperative System (SPARCS) (http://www.health. ny.gov/statistics/sparcs/) to study the association of subjective Hospital Compare metrics with mortality, discharge to rehabilitation, LOS, and hospitalization charges for patients undergoing spine surgery. A mixed-effects multivariable regression model, controlling for clustering at the hospital level, was used to control for confounding.
methods new york SparcS
All patients undergoing spine surgery who were registered in the SPARCS database between 2009 and 2013 were included in the analysis. For these years, SPARCS contains patient-level details for every hospital discharge, ambulatory surgery, and emergency department admission in New York State as coded from admission and billing records.
hospital compare website
Hospital Compare (www.hospitalcompare.hhs.gov) is a public reporting program operated by the CMS that reports process-of-care, patient satisfaction, and outcome measures for more than 4000 Medicare-certified hospitals in the US. Data between 2009 and 2013 were included in the analysis. The website is designed such that patients can make sideby-side comparisons of hospitals that are geographically close to one another with the stated purpose to "help patients make the right decisions about their healthcare. " We merged SPARCS and Hospital Compare data using the hospital identities. We followed an automated methodology to ensure that the hospitals in SPARCS matched exactly with hospitals of the Hospital Compare database. Subsequently the hospitals were manually confirmed for appropriate matching to ensure that the correct satisfaction scores were assigned to appropriate patients. The 2 coauthors performed the manual confirmation. Only 5 hospitals in SPARCS were not matched after this process, and were excluded from further analysis. Patients from a total of 165 hospitals were included in the analysis.
Cohort Definition
To establish the cohort of patients, we used Interna- (Table S1) 
outcome variables
The primary outcome variable was the rate of discharge to a rehabilitation facility after the initial hospitalization for spine surgery. Secondary outcomes were mortality during the initial hospitalization, LOS during the initial hospitalization, and total hospitalization charges.
exposure variables
The primary exposure variable was whether the hospital had a high percentage of patients assigning the institution a satisfaction score of 9 or 10 (on a scale of 1-10). The secondary exposure variable was whether the hospital had a high percentage of patients who would recommend the hospital to others. Both were binary variables. The cutoffs to determine whether the hospital had a high percentage of the above satisfaction indices were the respective median satisfaction scores across all hospitals in the database.
We chose to include these metrics because the rest of the patient satisfaction and process measures were collinear with these two (e.g., if patients scored a hospital highly on "provider communication" they were also likely to recommend it), and the outcomes measures were not specific to spine surgery but referred to myocardial infarction, pneumonia, and CHF.
Covariates (Table S2 ) used for risk adjustment included age, sex, race (African American, Hispanic, Asian, Caucasian, other), and insurance (private, Medicare, Medicaid, uninsured, other). The comorbidities used for risk adjustment were based on the individual comorbidities used for the calculation of the Charlson Comorbidity Score and were depression, diabetes mellitus (DM), smoking, chronic lung disease, hypertension, hypercholesterolemia, peripheral vascular disease (PVD), CHF, coronary artery disease (CAD), history of ischemic stroke, history of transient ischemic attack (TIA), alcohol abuse, obesity, chronic renal failure (CRF), and coagulopathy. Only variables that were defined as "present on admission" were considered part of the patient's preadmission comorbidity profile.
Statistical analysis
The association of Hospital Compare subjective metrics with our outcome measures was examined in a multivariable setting. A logistic regression was used for categorical outcomes (mortality, discharge to rehabilitation), and a linear regression for linear outcomes (LOS, hospitalization charges). The values of LOS and hospitalization charges were positively skewed, and therefore a logarithmic transformation was used for the models. The covariates used for risk adjustment in these models were age, sex, race, insurance, and all the comorbidities mentioned previously. Mixed-effects methods were employed, with hospital facility used as a random-effects variable to account for clustering at the hospital level. All analyses were repeated after stratification for subgroups of procedures performed. The direction of the observed associations did not change and these associations are reported further in Results.
Regression diagnostics were used for all models. All re-sults are based on 2-sided tests, and the level of statistical significance was set at 0.05. Only cases without missing values were included in the analysis. This study, based on 160,235 patients, has sufficient power (90%) at a 5% Type I error rate to detect differences in mortality, as small as 12.7%. Statistical analyses were performed using the 64-bit version of R (version 3.1.0, R Foundation for Statistical Computing) and SPSS (version 22, IBM).
results patient characteristics
In the selected study period there were 160,235 patients undergoing spine surgery (mean age 55.0 years, 49.5% females) who were registered in SPARCS. The characteristics of our cohort at baseline can be seen in Table 1 .
discharge to rehabilitation
Overall, 52,087 (32.5%) were discharged to rehabilitation after spine surgery in our cohort ( Table 2) . Patients treated in hospitals with a higher percentage of patientassigned high satisfaction scores were associated with an increased rate of discharge to rehabilitation (OR 1.35, 95% CI, 1.32-1.38) in the unadjusted analysis. However, no association was identified (OR 0.77, 95% CI 0.57-1.06) in a mixed-effects logistic regression model (Table 3) . Likewise, patients treated in hospitals with a higher percentage of patients who claimed they would recommend these institutions were associated with an increased rate of discharge to rehabilitation (OR 1.45, 95% CI 1.43-1.50) in the unadjusted analysis. However, no association was identified (OR 0.87, 95% CI 0.64-1.19) in a mixed-effects logistic regression model (Table 4) . These associations remained after stratification for subgroups of spinal procedures performed (Tables 3 and 4) .
inpatient mortality
Overall, 575 (0.36%) inpatient deaths were recorded after spine surgery in our cohort (Table 2) . Patients treated in hospitals with a higher percentage of patient-assigned high satisfaction scores were associated with decreased mortality (OR 0.45, 95% CI 0.37-0.54) in the unadjusted analysis. However, no association was identified (OR 0.96, 95% CI 0.90-1.01) in a mixed-effects logistic regression model (Table 3) . Likewise, patients treated in hospitals with a higher percentage of patients who claimed they would recommend these institutions were associated with decreased mortality (OR 0.42, 95% CI 0.35-0.51) in the unadjusted analysis. However, no association was identified (OR 0.95, 95% CI 0.90-1.01) in a mixed-effects logistic regression model (Table 4) . These associations remained after stratification for subgroups of spinal procedures performed (Tables 3 and 4) .
length of Stay
The median LOS was 3 days (interquartile range [IQR] 1-5 days) after spine surgery in our cohort (Table 2) . Patients treated in hospitals with a higher percentage of patient-assigned high satisfaction scores were associated with a shorter LOS (b -0.15, 95% CI -0.16 to -0.14) in the unadjusted analysis. This association persisted (Table  3) in a mixed-effects linear regression model (b -0.19, 95% CI -0.33 to -0.05). Likewise, patients treated in hospitals with a higher percentage of patients who claimed they would recommend these institutions were associated with shorter LOS (b -0.12, 95% CI -0.13 to -0.11) in the unadjusted analysis. This association persisted (b -0.22, 95% CI -0.39 to -0.11) in a mixed-effects linear regression model (Table 4) . These associations remained after stratification for subgroups of spinal procedures performed (Tables 3 and 4) .
hospitalization charges
The median hospitalization charges were $44,495 (IQR $24,809-$79,403) after spine surgery in our cohort ( Table  2) . Patients treated in hospitals with a higher percentage of patient-assigned high satisfaction scores were not associated with decreased hospitalization charges (b 0.01, 95% CI -0.003 to 0.013) in the unadjusted analysis. This association persisted (Table 3 ) in a mixed-effects linear regression model (b 0.04, 95% CI -0.16 to 0.23). Likewise, patients treated in hospitals with a higher percentage of patients who claimed they would recommend these institutions were associated with increased hospitalization charges (b 0.13, 95% CI 0.12-0.14) in the unadjusted analysis. However, no association was identified (b 0.15, 95% CI -0.05 to 0.34) in a mixed-effects linear regression model ( Table  4) . These associations remained after stratification for subgroups of spinal procedures performed (Tables 3 and 4) .
discussion
Using a comprehensive all-payer cohort of patients undergoing spine surgery, we did not identify an association of subjective Hospital Compare ratings with decreased mortality, rate of discharge to rehabilitation, and hospitalization charges for New York State hospitals. Increased patient satisfaction was associated with decreased LOS. Our results were robust when considering several advanced observational techniques to account for confounders. Quality measurement and reporting are an integral part of evolving health care reform. 3 CMS is using Hospital and Physician Compare as the main avenues to satisfy reporting requirements and enable consumers to be active participants in their care. Despite some criticism for these websites, 17 reliable public reporting is expected to raise quality of care, lower average cost, and improve population health. 6, 9, 23 However, there are concerns that the subjective and nonspecific nature of the reported metrics might be misleading for patient choices, especially for subspecialties such as spine surgery. In addition, previous studies in various surgical principles have failed to demonstrate a convincing correlation of patient satisfaction with clinical outcomes. 8, 11, 22 Prior observational studies have reported conflicting results on the validity of publicly reported Hospital Compare measures. Shafi et al., 19 in a study of the National Trauma Data Bank, demonstrated that Hospital Compare metrics, reflecting hospital performance on general medical conditions, were not associated with the outcomes of trauma patients. In their conclusions, they advocated for the development of trauma-specific measures. In contrast, Werner and Bradlow 24 demonstrated that better performance in disease-specific Hospital Compare metrics for pneumonia, myocardial infarction, and CHF was associated with modestly improved mortality rates, specific to these conditions. In addition, Stulberg et al., 21 using a commercial database, identified an association of performance on infection process measures with decreased rates of surgical site infections. Rosenkrantz and Doshi 16 demonstrated that hospitals ranked highly by US News and World Report were associated with lower rates of overutilization of imaging studies based on publicly reported Hospital Compare measures. In another study, Safavi et al. 18 investigated the distribution of the values of surgical quality measures and demonstrated significantly positively skewed distributions. They concluded that these sets of measures make it difficult to distinguish among hospitals that patients are likely to choose from. Paddock et al. 15 came to similar conclusions by using comparative rankings provided by the Hospital Compare website.
Despite these widely varied results, a recent surveybased study demonstrated a correlation of Hospital Compare metrics with the policy decisions made by hospital leadership. 7, 10 Executives from 380 hospitals indicated that reported measures exert a strong influence over local planning and improvement efforts:
10 87.1% of hospitals incorporated performance on publicly reported measures into their annual goals, whereas 90.2% reported regularly reviewing the results with their board of trustees, and 94.3% with senior clinical and administrative leaders.
10
They indicated that patient experience measures, which are undoubtedly the most subjective, are the ones shaping hospital reputations more significantly. However, surveyed leaders expressed concerns about the clinical meaningfulness, unintended consequences, and methods of public reporting. 10 Using such patient-experience measures, our analysis demonstrated no association of hospital performance on subjective patient satisfaction metrics with most outcomes of spine surgery. This underscores the significant pitfalls of the current reporting platforms. Although Hospital Compare can be used as a basis for further improvement and development of future websites, it is not ready yet for widespread use, especially for subspecialties such as spine surgery. It currently lacks spine-specific measures, and we found no association of generic measures with hard outcomes, such as mortality. Policy makers should take this into account when designing penalties for hospitals with inferior satisfaction scores. Improved performance on these measures may be a marker of institutions that are dedicated to improving patient satisfaction through promoting a "culture of excellence," which might lead to shorter hospitalizations, as we observed in our cohort. However, this might not mean necessarily better care for some subspecialties. Such subjective metrics do not currently allow the side-by-side comparison of different institutions in regard to the quality of care.
For this goal of Hospital Compare to be met, spine-specific, patient-centered quality-oriented outcomes should be monitored and reported. Recent legislative reform 13 allows a more active role for registries in this public reporting process, avoiding the long and costly task of developing metrics through the National Quality Forum.
14 In this direction, the NeuroPoint Alliance (http://www.neuropoint. org/NPA%20N2QOD.html) has created the first lumbar spine-specific Qualified Clinical Data Registry Reporting (https://www.medicare.gov/physiciancompare/), based on metrics developed as part of the National Neurosurgical Quality and Outcomes Database (N 2 QOD). 12 These spinespecific measures, in the setting of rigorous risk-adjustment, will allow the head-to-head comparison of different hospitals and serve the national goals of quality reporting.
Overall, quality measurement and reporting is still in its infancy.
9,25 Different quality initiatives use various metrics to create ratings, some of which are based on numerical data and some on solicited opinion. Methodologies are widely varied and results are presented in different ways.
25
Most importantly, rating systems often disagree with each other, 1 highlighting the complexity and multidimensionality of the enterprise. 5, 20 The small market of surgical subspecialties makes it unlikely that specific metrics will be developed, unless such efforts are initiated by specialty societies with a vested interest in quality improvement. The reality, though, is that hospital rankings (including Hospital Compare) are publicly available and physicians often have to answer patient questions on them. Our results highlight that these rankings should be interpreted with extreme caution, especially for subspecialties such as spine surgery.
Our study has several limitations common to administrative databases. Residual confounding could account for some of the observed associations. However, we used advanced observational techniques to control for confounders. In addition, coding inaccuracies will undoubtedly occur and can affect our estimates. However, coding for procedures is expected to be accurate because they are a revenue generator and are under scrutiny by payers. Although SPARCS includes all hospitals from all New York State, the generalization of this analysis to the US population at large is uncertain. Additionally, we were lacking posthospitalization and long-term data on our patients. Quality metrics (i.e., 36-Item Short Form Health Survey score) are also not available through this database, and therefore we cannot compare our patients on these outcomes. Initiatives such as the N 2 QOD will provide such opportunities in the future. Finally, causality cannot be definitively established based on observational data, despite the use of advanced techniques. Only future prospective studies can firmly establish such relationships.
conclusions
The correlation of subjective Hospital Compare metrics with hospital performance in hard outcomes remains an issue of debate. Merging a comprehensive all-payer cohort of spine surgery patients in New York State with data from the CMS Hospital Compare website, we were not able to demonstrate an association of improved performance in patient satisfaction measures with decreased mortality, rate of discharge to rehabilitation, and hospitalization charges. Increased patient satisfaction was associated with decreased LOS. Our results were robust when considering several advanced observational techniques to account for confounders.
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